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Introduction
1-Methylcyclopropene is an inhibitor of ethylene receptors that can affect ripening and senescence processes in fruit, vegetables and ornamental products (Sisler & Serek 1997; Watkins & Miller 2005) . 1-MCP is classified as a plant growth regulator and induce beneficial effects, such as delay of the physico-chemical changes related to the ripening process, as well as a reduction of decay and softening in many fruit and vegetables such as apples, kiwifruit, peaches, nectarines, plums and pears (Bouquete, Trinchero, Fraschina, Vilella & Sozzi, 2004; Liguori, Weksler, Zutahi, Lurie & Kosto, 2004; Trinchero, Sozzi, Covatta & Fraschina 2004; DeEll, Murr, Ehsani-Moghaddam, 2008) . The safety, toxicity and environmental profiles of 1-MCP with regard to humans, animals and the environment are favourable. The compound is used at low rates, has a non-toxic mode of action and is chemically similar to naturally occurring substances (Blankenship and Dole, 2003) .
Blueberries are highly perishable fruits and therefore it is necessary to develop strategies to increase their storage life. Storage trials using controlled atmosphere have indicated that shelf-life extension can be obtained for blueberries using combinations of elevated CO2 and reduced O2 during storage (Ceponis & Cappellini, 1985; Smittle & Miller, 1988) . One of the major factors responsible for the short shelf life of blueberry fruit was the high weight loss that caused shrivelling and loss of brightness. Fruits weight loss is mainly due to water loss which is produced by a difference in vapor pressure between the fruits and surrounding air. This loss is affected by the area/volume relationship, mechanical wounds on the epidermis area, and storage temperature (Wills, McGlasson, Graham & Joyce, 1998) . Small-sized fruits such as blueberries show a high area/volume, therefore dehydrate more than larger-sized fruits (Wills et al., 1998; Cabezas, 2004; Navarrete, 2004) .
To evaluate 1-MCP effectiveness on blueberry fruit, the change in fruit firmness, weight loss, soluble solids concentration and titratable acidity, as well as antioxidant activities, total phenolic and anthocyanin content, during long term storage in air and controlled atmosphere conditions, were determined. The possibility that 1-MCP can inhibit development Botrytis cinerea during postharvest storage period was also tested.
Materials and methods

Fruit material
A late season blueberry cultivar (Vaccinium corymbosum L. cv Lateblue) was used in this study. The berries were handharvested at the end of August in 2006 and 2007 at full maturity (100% blue) in Peveragno (CN, Italy) into 250 g punnets and transported to the laboratory. Fruits were selected based on their uniformity of size and colour. Rotten and damaged fruits were eliminated. The punnets were immediately labelled, weighed and randomly assigned to each of the treatments.
1-MCP treatments and storage conditions
SmartFresh SM (1-MCP 0.14%) was supplied by AgroFresh Inc. as a powder, that after addition of distilled water released the active ingredient as gas, according to the manufacturer's instructions. Different amounts of the powder were weighed and distilled water was added to obtain doses of 0.3 and 0.6 µl l −1 .
Treatments were performed in 0.30m 3 hermetically sealed containers. Fruit were exposed to 0.3 µl l −1 (in 2006) and to 0.3 and 0.6 µl l −1 (in 2007) at 20°C for 24 h (Blankenship & Dole, 2003) . Control fruit were similarly treated but without 1-MCP.
After the treatment the fruits were stored under regular cold storage (RA) (0°C, 90-95% R.H.) for 35 days and under controlled atmosphere (CA) conditions (0°C, 90-95% R.H.; 3 kPa O2 + 11 kPa CO2) for 60 days, technology of storage usually adopted for this kind of fruit in Italy.
Quality evaluations
Berry quality was assessed at harvest and weekly for Regular Atmosphere storage and after 60 days for Controlled Atmosphere storage.
Weight loss was determined by weighing the punnets at the start of the experiment (0 time) and at 7 days intervals during RA storage. Values are reported as percent of weight loss per initial fruit weight.
Total soluble solids content, pH, and titratable acidity were measured using juice extracted from a 50g berry sample blended at high speed in a tissue homogenizer. Soluble solids concentration was determined by a digital refractometer (Atago refractometer model PR-32). Three measurements were taken on each sample and the results expressed as °Brix.
Titratable acidity and pH were measured by titrating 1:10 diluted juice using 0.1 N NaOH by an automatic titrator (Compact 44-00, Crison). This measurement was replicated three times for each tretments.
Firmness was measured on 30 individual fruit per treatment at the start of the experiment and at 7 days intervals using a nondestructive penetrometer test, Durofel ® (Copa Technologie), a dynamometer with a bolt of 3 mm  (0.10 cm 2 ), on a scale of 1 (soft) to 100 (firm). Results were expressed as Durofel Index (D.I.).
Anthocyanin contents, phenolic contents, total antioxidant capacity
For determination of the anthocyanin contents, phenolic contents and total antioxidant capacity, extracts were prepared by weighing 10 g of fresh berries into a centrifuge tube, adding methanol (25 ml) and homogenising the sample for 1 min. Extractions were performed under reduced light conditions. Tubes were centrifuged (3000 rpm for 15 min) and the clear supernatant fluid collected and stored at -26°C.
For identification and quantification, extraction was performed as three replicates.
Anthocyanin content was quantified according to the pH differential method by Cheng and Breen (1991) .
Anthocyanins were estimated by their difference of absorbances at 510 and at 700 nm in buffer at pH 1.0
and at pH 4.5, where A= (A515-A700)pH1.0 -(A515-A700)pH4.5. Results were expressed as mg of cyanidin-3-glucoside (C3G) per 100g of fresh berries.
Total phenolics were determined with Folin-Ciocalteu reagent by the method of Slinkard and Singleton (1977) using gallic acid as a standard. Absorption was measured at 765 nm. Results were expressed as mg gallic acid equivalents (GAE) per 100g of fresh berries.
Antioxidant activity was determined using ferric reducing antioxidant power (FRAP) assay, following the method by Pellegrini, Serafini, Colombi, Del Rio, Salvatora and Bianchi (2003) with some modifications.
The antioxidant capacity of dilute berry extract is determined by its ability to reduce ferric iron to ferrous iron in a solution of TPTZ prepared in sodium acetate at pH 3.6. The reduction of iron in the TPTZ-ferric chloride solution (FRAP reagent) results in the formation of a blue-colored product (ferrous tripyridyltriazine complex), the absorbance of which is read spectrophotometrically at 593 nm 4 min after the addition of appropriately diluted berry extract or antioxidant standard to the FRAP reagent. Results were expressed as mmol Fe2+/kg of fresh berries.
Decay incidence
Berries were also scored for incidence of Botrytis cinerea. The loss of berries due to fungal growth was measured by weighing fruit with visible mycelium growth. The results were expressed as percentage of fruits infected by fungus. No discrimination was made on the basis of the level of decay.
Statistical analysis
Data were analyzed by analysis of variance using statistical procedures of the STATISTICA ver. 6.0 (Statsoft Inc., Tulsa, OK, USA). The sources of variance being 1-MCP treatments. Tukey's test HSP (honestly significant differences) was used to determine significant differences among treatment means.
Means values were considered significantly different at P ≤ 0.05.
Resuls and discussion
Weight loss
In this study, the loss of weight progressively increased with storage time and was linear for all treatments (Table 1 ) and both years. In 2006 1-MCP treated samples showed slightly lower weight loss compared to control samples and the differences between treatments was significant after 14 days of storage (Table 1) . In 2007, a significant effect of 1-MCP was observed only at day 7 and 21 with the highest 1-MCP concentration; at day 35 no effect was observed (Table 1) .
Quality attributes
Results showed that total soluble solids content of the berries from the different treatments reacted in a similar way and was quite stable during storage in control and treated fruits (table 2) parameter, like TSS, was slightly affected by a reduction in ethylene action and can be considered an ethylene-independent parameter (Blankenship & Sisler, 1989) .
Titratable acidity (TA) increased during storage to a similar extent in all treatments. Changes in berry weight (up to 4%) that occurred during the postharvest period may have influenced the values for titratable acidity;
it is possible that a portion of the increase in this variable during storage was due to water loss (Colelli, D'Andria, Vanadio & Lacertosa, 2002) . Fruit dehydration provokes an acid concentration, and consequently shows a greater value in titratable acidity. An increase in acidity over time was observed in rabbiteye blueberry 'Woodard', Smittle and Miller (1988) which found an increase in acidity over time of 0.52% to 0.63% in 21 days of storage at 5 ºC. Moreover Loyola, Aranda, Teixido and Palma (1996) found an increase in acidity starting on storage day 7 at 0 ºC, with values varying from 0.64% to 0.85% in highbush blueberry 'Blueray'.
In 2006, during short term cold storage (2-3 weeks) titratable acidity was significantly higher for 1-MCP fruit than for control fruit. This is probabily due because the protective effect of 1-MCP, inhibiting the action of ethylene, reduces the respiratory activity and, consequently, reduces the catabolism of organic acids (Girardi, Corrent, Lucchetta, Zanuzo Da Costa, Brackmann, Twymand, Nora, Nora, Silva & Rombaldi, 2005) . No significant differences in titratable acidity were observed between control (164.71 meq/l) and 1-MCP treated fruit (137.2 meq/l) after medium-term cold storage (5 weeks) ( Table 2) . The same effects, at the end of storage period, were observed in 2007 (Table 2) .
After 60 days of CA storage, high titratable acidity values were observed, but no significant differences were observed between control and 1-MCP treated fruits according with the results of Dong et al. (2002) and Trinchero et al. (2004) in apples and pears. In contrast, titratable acidity loss was significantly delayed or maintained by 1-MCP in plums (Fan, Blankenship & Mattheis, 1999) . These differences in effectiveness of 1-MCP on quality parameters may be due to the different behavior of the fruits, maturity stage or other experimental conditions as suggested by Blankenship and Dole (2003) .
Fruit firmness increased after harvest (Table 2) 
Anthocyanin contents, phenolic contents, total antioxidant capacity
In 2006, anthocyanin content at harvest was 8.8% higher than at harvest in 2007 (252.52 cyanidim 3-glucoside). In general, total phenolics and total antioxidant activity are stable or increase during storage (Fawbush, Nock & Watking., 2009) . The results of this study indicate that antioxidant activity are relatively stable during air and CA storage and also the effects of 1-MCP on individual phytochemical groups were similar.
Berry fruit maintained high anthocyanin levels after 7 weeks of storage at 0°C. In 2006 anthocyanin content was 17.5% (control) and 13.8% (1-mcp 0.3 µl l −1 ) higher at the end of storage than at harvest ( fig. 1 ) but no significant effect of 1-MCP treatments was observed in 2006 and 2007 and also after CA storage.
The changes in anthocyanin content values over the postharvest period were also similar in trend to those for antioxidant activity. However for this parameter, in 2006, significant effect of 1-MCP treatment were detected after 7 and 28 storage days ( fig. 2) . In 2007, no significant effect of 1-MCP treatments on anthocyanin content was observed for either concentration, and also after CA storage period. The increase observed is due, probabily, simply to a higher concentration in fruit that has undergone water loss during storage. Increases in anthocyanin content during storage have been previously reported for lowbush blueberries (Kalt & McDonald, 1996) and rabbiteye blueberries (Basiouny & Chen, 1988) .
In general, minor changes in total phenolics was measured between harvest and the end of storage ( fig. 3 ). In 2006 significant lower total phenolic content were detected in 1-MCP samples after 14 days of storage.
After CA storage, in according with anthocyanin and antioxidant values, no significant effect of 1-MCP treatments was observed in total phenolic content ( fig. 3 ).
Decay incidence
Botrytis cinerea was the main fungus found on stored berries (Borecka & Pliska, 1985; Ceponis & Cappellini, 1985) . The postharvest shelf life of blueberries is also limited by fungal decay.
The presence of pathogens was expressed as a percentage of decayed fruits and is show in Table 4 . In 2006 losses for Botrytis cinerea was very low at the end of cold storage, also probabily due to high titratable acidity values (titratable acidity values >130meq/l) (Ballinger, Maness & McClure, 1978) . Morover, 1-MCP application had significant effect on decay incidence (0% incidence) compared to the control (1.64% incidence). This results is probaby due also because the incidence of natural infection rate in this year was very low. The presence of this fungus coincides with that observed by Navarrete (2004) in rabbiteye blueberry 'Bonita', and Hevia et al. (2000) in red currant.
In 2007, the infection rate was higher. 1-MCP treatments reduced decay incidence only in the first three weeks of storage. The incidence of Botrytis cinerea in fruit treated with 0.3 and 0.6 µl l −1 1-MCP increased considerably with storage time (Table 3) . After 60 days CA storage, 1-MCP reduced decay incidence in berries by 7.5% and 5%, respectively, on exposure to 0.3 and 0.6 µl l −1 compared to the control.
Conclusion
1-MCP treatment at harvest controlled partially weight loss and decay development without undesirable changes in quality attributes, total sugars or acids after short and medium term cold storage. After long term CA storage, the beneficial effect of 1-MCP was limited on quality parameters and also on the incidence of Botrytis cinerea. Treated and control fruit tested demonstrated stability of antioxidant activity, total phenolic content, and anthocyanin content during cold storage. Thus, the health benefits from these berries can be retained well after harvest, until consumers eat them. In conclusion, the results suggests that 1-MCP could be useful only in controlling the weight loss of blueberry during storage period, but this result is too inconsistent to recommend the use of 1-MCP in commercial application. 
